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INTRODUCTION 
During the course of an experimental study of 
West Nile virus infection in mice involving the 
intracerebral injection of the virus a bacterial 
contamination occurred. Smears of brain surfaces 
showed gram-positive cocci; and cultures of both 
swabs and brain homogenate grew out alpha-hemo¬ 
lytic streptococcus. Mice infected in this way 
showed a surprisingly virulent course, most of the 
animals dying between twelve and twenty four hours 
after injection and many others before twelve hours. 
Pathological examination revealed a purulent meningo¬ 
encephalitis. 
The severity of the infection, the rapid demise 
of the animals, the manifold pathologic changes, and 
a paucity of data on the morphological aspects of 
experimental bacterial infections of the central 
nervous system prompted an experimental study using 
this contaminant 
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MATERIAL AND METHODS 
Two hundred female white mice three months of 
age were injected intracerebrally with .03 cc. of a 
10$ suspension of mouse brain contaminated with 
alpha-hemolytic streptococci. Another group of fifty 
similar animals received .03 cc. of an eight-day 
blood broth culture of alpha-hemolytic streptococcus. 
There was no difference in the courses or findings 
of the two groups, which henceforth will be considered 
together. 
Each animal was maintained until its condition 
was terminal, as usually evidenced by complete failure 
of locomotion in resnonse to stimulation and inability 
to right itself, in an attempt to demonstrate the most 
advanced lesions obtainable. In a few cases, when an 
animal was found dead within thirty minutes of a 
previous observation, the material was included. 
Sacrifice was performed with ether. 
The brain and as much of the spinal cord as 
could be dissected in good condition were immediately 
fixed in formalin or bromformalin. Tissue embedded 
in paraffin was stained with hematoxylin and eosin 
and with Nissl technique. Other tissue, fixed in 
bromformalin, was cut with the freezing microtome 
and stained for microglia, and for astrocytes with 
Scharenburg*s modification of silver carbonate, 
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while alternate sections of the block were stained 
with hematoxylin and eosin and Nissl stain. 
The material presented is a series of composite 
pictures of findings at stated intervals following 
injection. Where exceptions to the general observa¬ 
tions at any given interval occurred, they are noted 
and outlined. 
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RESULTS 
12 - hour stage; 
A purulent meningitis is seen. This is most 
marked in the midline of the forebrain and over the 
dorsal surface of the medulla, but is only patchy 
over the cerebellum. The cells are almost entirely 
polymorphonuclear. There are focal hemorrhages 
surrounded by intense leukocytic infiltrates in the 
cerebral meninges. Leukocytic infiltrates involve 
many areas of the cerebral cortex as meningitic 
extenstions; and in many such instances the limit¬ 
ing glial membrane is found in silver stain to be 
apparently intact. 
There is ventriculitis with necrosis of the 
ependyma, of portions of the choroid plexus, and of 
much of the periventricular region. (Fig. 1). This 
condition extends from the lateral ventricles through 
the fourth ventricle. The necrosis is symmetrical, 
and its typical picture is one of 1) a pale strip of 
complete necrosis, 2) a zone of hemorrhage in some 
cases accompanied by large numbers of polymorphonu¬ 
clear cells, 3) a zone of markedly swollen astrocytes 
(Fig. 2), and l|_) a zone of microglial proliferation. 
The last two zones overlap to varying degrees; but 
their order is constant. In some regions no poly¬ 
morphonuclear leukocytes are to be seen in the 
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second zone. Perivascular polymorphonuclear infil¬ 
trates are seen along some vessels in the last three 
of these zones and sometimes beyond them, but are 
inconstant. In one area near the necrosis surround¬ 
ing the third ventricle a focus of demyelinization 
is observed; and in one area the thin strip of 
necrosis bordering the ventricles is replaced by a 
broad zone of loculation (Pig. 3). 
Bilateral symmetrical areas of necrosis and 
hemorrhage are seen in the rhinencephalon. This is 
accompanied by mild to moderate perivascular infil¬ 
trates and by scattered polymorphonuclear cells in 
the parenchyma. A similar though unilateral lesion 
is seen in the granular layer of the cerebellum; and 
an area of necrosis and hemorrhage with minimal 
Ok 
leukocytic response is seen in the thalmus. 
The base of each hemisphere contains a few 
scattered abcesses. 
In the basal ganglia there is a circumscribed 
area of pallor and sponginess in which the cellular 
elements are relatively well preserved. 
In some areas beneath the meningitis where 
there is no extension of the process into the cortex, 
the astrocytes of the superficial cortical layer are 
pale and slightly swollen in hematoxylin-eosin 
preparations without accompanying microglial changes. 
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However, in other areas the astrocytes in addition 
to pallor and swelling reveal peripheral chromatic 
condensation and are accompanied by twisted microglia 
cells. Where cortical leukocytic infiltrates are 
found the only change consists in a few pale, 
swollen astrocytes. In the molecular layer of the 
cerebellum pallor and swelling of the astrocytes are 
seen consistently and are often independent of the 
overlying meningitis and of extensions of meningeal 
inflammation to the cerebellum. 
Pallor and swelling of the astrocytes are very 
often seen around the previously described hemorrhagic 
and necrotic foci, in some instances without micro¬ 
glial reaction. A few- shadow forms of astrocytes 
are found near the periventricular areas of necrosis. 
Hypertrophic, elongated, often twisted or 
rectangular forms of microglia are observed beneath 
the meningitis, particularly in the forebrain. 
18 - hour stage: 
In one animal whose condition aopeared terminal 
at this interval there is a diffuse meningeal Infil¬ 
tration which is heavier than that observed at twelve 
hours. The cells are overwhelmingly polymorphonuclear. 
The brain contains large areas of complete 
necrosis. Large numbers of bacteria can sometimes 
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be seen In such areas, often with, only a very weak 
polymorphonuclear leukocytic response. 
The infection tract is visualized and shows 
1) a pale strip of complete necrosis, 2) a hemorrhagic 
zone with polymorphonuclear leukocytes and twisted, 
proliferated microglia, and 3) a zone of disintegrated 
astrocytes with decreased chromatin and process frag¬ 
mentation as seen with silver stain. Some astrocytic 
nuclei in the last zone are swollen In hematoxylin- 
eosin preparations, while others are normal in size 
or slightly shrunken. The cellularity of zone 2, 
caused by the presence of polymorphonuclear leuko¬ 
cytes, obscures a full evaluation of the status of 
its astrocytes; but swollen cell bodies are dis¬ 
cernible. Astrocytes beneath the meninges and in 
scattered areas throughout the parenchyma appear 
pale and, in some cases, slightly swollen. These 
changes are observed both with and without obvious 
relation to Inflammatory and necrotic foci. 
There is no circumscribed proliferation of 
microglia; but there is an equivocal increase of 
microglia throughout the tissue. One vessel appears 
to be surrounded by twisted and linear microglia 
forms. 
No ventriculitis is seen. 
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20 - hour stage: 
The meningitis is similar to that at eighteen 
hours, although in one case it is patchy in distri¬ 
bution. The soinal cord reveals meningitis more 
pronounced in the dorsal than in the ventral half; 
and in one case there is massive extension of the 
inflammation into the cord through an apparently 
intact limiting glial membrane, similar to findings 
described at twelve hours. 
In one case bilateral symmetrical hemorrhages 
are again seen, this time in the mid cerebrum; and 
an abscess surrounds a vessel near one of the hemo¬ 
rrhages. The same brain contains a bilaterally 
symmetrical leukocytic infiltrate which seems to 
follow fiber tracts. Perivascular polymorphonuclear 
infiltrates are seen 1) in relation to the meningitis, 
2) deep in the parenchyma, especially in the cere¬ 
bellum, which is massively Involved, and 3) near the 
injection tract. Scattered, well formed, fresh 
abscesses are seen In the cerebrum and, in greater 
numbers, in the cerebellum. 
Ventriculitis in each case is without clear 
cut Inflammatory extension Into the subependymal 
tissue; but below the ependyma there Is mild swelling 
of the astrocytes. In one case this swelling is 
accompanied by vacuolization and by absence of the 
astrocytic processes as seen in silver stain. In 
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this preparation the astrdcytes do not appear to be 
well preserved (Fig. !]_)• 
Astrocytic changes beneath the meninges vary 
from place to pla'ce.N Pallor and swelling (Fig. 5) 
are often seen in the absence of any inflammatory 
lesion, while changes in the presence of cortical 
leukocytic infiltrates vary from pallor and mild 
swelling to fragmentation of all processes and 
cellular destruction. The degree of astrocytic 
change in these cortical regions seems fairly con¬ 
sistent for each brain: e. g., if only mild swelling 
and pallor of astrocytes is seen in relation to one 
cortical infiltrate the same picture will probably 
be found around any other such infiltrate. This is 
also true of the astrocytic changes seen below 
areas of ventriculitis. However, the changes are 
less marked in the latter location. 
Astrocytes surrounding the larger abscesses 
show marked alterations, ranging from swelling and 
pallor to a nmoth eaten” appearance associated with 
process fragmentation, in which cases the cell bodies 
are of roughly norma.1 size. 
In the pronounced involvement of the spinal cord 
mentioned above, some astrocytes reveal a marked 
reduction of their processes immediately subjacent 
to the leukocytic infiltrations, while other astro- 
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cytes are large and round to slightly oval without 
demonstrable processes. In silver preparations some 
of the nuclei of such cells reveal a reticular 
pattern, while other muclei show a peripheral con¬ 
densation of silver stained material. Alternate 
sections of the spinal cord in hematoxylin-eosin 
demonstrate moderate astrocytic swelling. 
In the case with diffuse cerebellar involvement, 
the astrocytes of the cerebellum are poorly stained 
and have only swollen, clumped cell bodies or, at 
most, a few swollen, irregular processes. 
Where perivascular infiltrates are seen, the 
adjacent astrocytes are poorly demonstrable in 
silver. 
Slight to moderate microlial proliferation is 
found in relation to hemorrhage and, in one animal, 
in the cerebellar cortex beneath the meningitis. 
22 - hour stage: 
There is a diffuse meningitis most marked over 
the surface of the cerebellum. The base of the pons 
contains bilaterally symmetrical extensions of the 
meningitic process: elsewhere there are the small 
cortical infiltrations previously seen. The exudates 
are composed of polymorphonuclear leukocytes. 
Throughout the tissue are abscesses of varying 
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size and random leukocytes in no clear relation to 
blood vessels. No truly perivascular infiltrates are 
found. Small hemorrhages are seen in the cerebellar 
white matter. 
There is no ventriculitis. 
Pallor with minimal to absent swelling of the 
astrocytes is seen in scattered fashion throughout 
the parenchyma, often without relation to any other 
change. Similar astrocytes are found in immediate 
relation to some of the less dense leukocytic infil¬ 
trates, while in the vicinity of discrete, focal 
polymorphonuclear accumulations in the pons and in 
the cerebral cortex, pallor is accompanied by definite 
sitfelling. 
Proliferation of microglia is seen at this time. 
Isolated, elongated forms are seen in a distribution 
generally corresponding to that of the pale, scattered 
astrocytes described above. There are areas of 
isolated microglial proliferation, which are most 
common in the cerebellar molecular layer (Fig. 7). 
Surrounding focal leukocytic infiltrates in the pons 
there is proliferation of microglia as well as pale 
and swollen astrocytes. In sections corresponding to 
one half of the pons progressive changes of pre¬ 
existing microglia cells are observed, while In the 
contralateral half there is a definite microglial 
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proliferation as seen in the increased number of these 
cells. 
26 - hour stage: 
The meningitis is diffuse and again is most 
marked over the cerebellum. There are small cortical 
extensions in the form of leukocytic infiltrates; 
and these are most common in the cerebrum. The 
meningeal exudate is composed of polymorphonuclear 
leukocytes. 
There are scattered parenchymal hemorrhages, 
which are now surrounded by clear cut layers of 
rolymorphonuclear leukocytes. Similarly, there are 
scattered leukocytic foci x^rithout relation to hemo¬ 
rrhage or the meninges: such areas are most common 
in the molecular layer of the cerebellum. 
There is no ventriculitis. 
Astrocytes show diffuse involvement throughout 
much of the tissue, as reflected in pallor and 
swelling of cell bodies, chromatin condensation, and 
a reduction in cell processes, which number one or 
two at most and are thick and fragmented, or are 
completely lacking. 
Binucleate astrocytes and apparent amitotic 
division are seen in one animal near one of the 
hemorrhages and in several foci 1-2 mm. beneath the 
meningeal infiltrate. 
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There is a diffuse increase in microglia with¬ 
out relation to hemorrhage, infiltration, or vessels. 
28 - hour stage; 
There is a heavy, diffuse meningitis which is 
most intense over the cerebellum and the medulla. 
There is still q definite predominance of polymorpho- 
nuclear leukocytes. Cortical extensions are seen as 
previously, with the exception that in a few areas 
the superficial limiting membrane no longer appears 
intact. 
Scattered, well formed abscesses (Fig. 8) are 
seen throughout the brain tissue. Less well formed 
abscesses are seen in the cerebellar white matter, 
while the granular layer contains a necrotic focus 
and the molecular layer scattered polymorphonuclear 
leukocytes. 
There is ventriculitis with bilateral, symmetrical 
necrosis of some of the periventricular structures, 
the necrotic zone being outlined by leukocytic 
infiltrates (Figs. 9, 10, 11)-. 
Astrocytes stained in alternate fashion with 
hematoxylin-eosin and with silver, immediately sub¬ 
jacent to the meningitit are 1) apparently normal; 
2) pale without swelling and with well-stained, 
intact processes; 3) pale and swollen with intact 
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processes; Ij.) pale and swollen with a decreased 
number of short, clumped processes; and 5>) without 
intact processes (Pig. 12). Still another type of 
cell, with clumped cell body and fragmented proc¬ 
esses, is seen in close relation to abscesses and on 
the border of the periventricular necrosis. This 
type of astrocytic alteration does not appear 
different in hematoxylin-eosin preparations from 
the astrocytic changes described above: i.e., the 
cells appear sx^ollen and pale. Often these astro¬ 
cytic changes in hematoxylin-eosin are not accom¬ 
panied by any marked alterations in corresponding 
silver stained sections. 
In general, the demonstration of astrocytic 
processes improves directly with distance from infil¬ 
trate, hemorrhage, or necrosis (Pig. 13,1^). 
The molecular layer of the cerebellum contains 
some pale, slightly swollen astrocytes. 
Astrocytic changes may be seen with or without 
microglial reaction. Surrounding some areas of 
astrocytic changes beneath the meningitis there are 
reactive microglial forms. In other such areas 
twisted microglial cells are seen, intermingled with 
astrocytic changes. In still other areas, particu¬ 
larly beneath those portions of the limiting membrane 
which apoear destroyed, microglia are apparently the 
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only intact cells. Circumscribed microglial pro¬ 
liferation is seen about one abscess (Pig. 15). 
There is a definite increase of microglia in the 
molecular layer of the cerebellum. Surrounding 
the zones of periventricular necrosis and beyond it, 
there are reactive forms of microglia. 
Demyelinization and axon fragmentation are seen 
in the vicinity of one abscess. 
32 - hour stage: 
Meningitis is heavy, but patchy in some areas, 
and is marked more by round cells than bv polymorpho¬ 
nuclear leukocytes. Cortical infiltrates are present. 
In the parenchyma scattered hemorrhages and 
well-formed abscesses are again found. There is 
no ventriculitis. 
Astrocytic changes are similar to those at 
twenty-eight hours. No proliferative forms are seen. 
There is a stronger, diffuse increase of 
microglia in the molecular layer of the cerebellum, 
as well as more striking foci of proliferation 
under the meningitis. 
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DISCUSSION 
A severe purulent meningitis can be observed 
in mice which were dead or moribund and therfore 
sacrificed twelve or eighteen hours after inocula¬ 
tion with hemolytic streptococci. Twelve hours 
after inoculation the meningitis is especially pro¬ 
nounced over the dorsal surface of the medulla and 
in the midline of the forebrain, and is only patchy 
in distribution over the cerebellum. In some 
animals examined twenty hours after inoculation the 
meningeal process is more diffuse; and in mice 
sacrificed twenty-two, twenty-six, and twenty-eight 
hours after infection the diffuse meningitis is most 
marked over the cerebellum, pons, and medulla. In 
one animal examined twenty hours after inoculation 
the dorsal part of the spinal cord is more involved 
than the ventral. In one mouse killed thirty-two 
hours after injection the character of the meningitis 
is different: it is focal In distribution, and the 
infiltrates consist more of round cells than of 
polymorphonuclear leukocytes. 
In our opinion the accentuation of the meningeal 
process in the posterior fossa, a phenomenon seen 
also in humm pathology, has to do with the drainage 
of cerebrospinal fluid from the ventricular system 
through the foramina of Luschka and Magendi into the 
posterior fossa. As will be further discussed. 
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most of the experimental animals reveal a marked 
involvement of the ventricular system; and it is 
reasonable to believe that pus and infectious 
material would first be drained thence into the 
subarachnoidal spaces of the posterior fossa. 
These cisterns are normally large and this fact may 
be another reason for the marked accumulation of 
exudate there. The anatomical situation of the 
large cistern may also explain another of our find¬ 
ings. Reference is made to the more marked involve¬ 
ment of the dorsal aspect of the spinal cord as 
opposed to the ventral part, a finding also observed 
by Wertham (25) in his material. 
The close relationship between the subarachnoidal 
spaces in the posterior fossa and the ventricular 
system is shown by the experiment of Stewart (23), 
who also noted frequent infection of the central 
canal in dogs infected by cisternal puncture. 
Involvement of the ventricular system with 
ventriculitis and accumulation of pus in the ven¬ 
tricles is present in animals sacrificed as soon 
as twelve hours after inoculation. This fining, 
although often seen, is by no means constant: for 
instance, mice killed twenty or twenty-six hours 
after the beginning of the experiment fail to 
reveal changes in the ventricles! In some instances 
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in animals examined twelve or twenty-eight hours 
after inoculation there are a distension of the 
ependyma and periventricular necrosis with involve¬ 
ment of the surrounding subependymal tissue by poly¬ 
morphonuclear leukocytic infiltrates. In some 
animals (twenty hours) no infiltrates are seen in 
the necrotic zone; and in general there is a dis¬ 
crepancy between the severity of necrosis and the 
mild leukocytic infiltration. The infiltrates are 
usually scattered but occasionally are also seen 
perivascularly in or around necrosis (twelve hours 
after inoculation). Similar observations have been 
reported on the involvement of subependymal tissue. 
Essick found an excoriation of the ependymal and 
the subependymal tissue when the ventricles were 
involved (9). No satisfactory explanation can be 
offered for the ventriculitis. One possibility is 
that the ventricular system was infected by the 
passing of the needle during inoculation. We do not 
have statistically significant data either to prove 
or to disprove this mode of infection. Another 
possibility has already been mentioned: extension 
of the meningeal process into the ventricular system. 
Still another explanation for the occurrence of 
ventriculitis would be to assume an extension of the 
inflammation from the subependymal tissue into the 
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ventricles. Hox^ever, no significant involvement of 
the subependymal tissue is ever seen without ventri¬ 
culitis and subependymal necrosis. In addition, in 
those Instances where there are exudates in the sub¬ 
ependymal tissue, they are slight compared to the 
ventriculitis and the extensive necrosis. 
Involvement of the cerebral cortex has been 
mentioned in animals examined twelve hours after 
inoculation. In many areas scattered polymorpho¬ 
nuclear leukocytes can be observed in the cerebral 
cortex. In animals killed eighteen hours after the 
beginning of the experiment small foci of bacteria 
are seen with a weak leukocytic response. In 
animals sacrificed subsequently, bacteria are often 
seen, usually associated with infiltrates of poly¬ 
morphonuclear leukocytes. To assume that most of 
these cortical Infiltrates represent extensions of 
the meningitis would not be correct, because all 
animals were inoculated intracerebrally, and the 
brain tissue was thus opened to invasion by bacteria 
and toxic products. However, in some instances 
there Is clear cut morphological evidence of 
meningeal extension into the underlying cortex: 
cortical and meningeal infiltrates are intimately 
connected; or from a heavy meningeal infiltrate a 
vessel surrounded by leukocytes penetrates the 
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underlying cerebral cortex. In some instances between 
closely related meningeal and cortical infiltrates 
an apparently intact external limiting membrane can 
be seen, while in other areas this has been partially 
destroyed. 
Abscesses are seen in animals sacrificed as 
early as twelve hours afte inoculation. They are 
located in the base of the brain. In animals examined 
twenty hours after inoculation small fresh abscesses 
are seen scattered throughout the central nervous 
system. These abscesses are better circumscribed 
than those seen in the twelve hour animal. The 
longer the animal survived the more abscesses can 
be seen in the central nervous system. 
Ayer found that abscess formation was rare in 
the cortex twelve hours after the onset of his 
experiment (3). Our findings are not in agreement 
with the observations of Essick (9), who reported 
that in experimental infection of the meninges the 
exudate is usually restricted to the perivascular 
spaces of the cortical vessels and that extension 
from the vessels is only seen in the presence of 
thrombosis. As already mentioned, in the experi¬ 
mental animals examined the inflammatory process is 
not only not restricted to the perivascular spaces 
but is remarkably expanded into the surrounding 
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tissue. This may have to do with the particular 
arrangement of our experiment, especially with the 
intracerebral inoculation of the janimals, and probably 
with the organism injected. 
Two other prominent morphological features in 
this experiment are circumscribed hemorrhages and 
foci of necrosis, both of which are present in vary¬ 
ing degrees of extension. 
The hemorrhages are often symmetrical, as in 
an animal sacrificed twelve hours after the beginning 
of the experiment, in which hemorrhages are seen in 
the rhinencephalon. These hemorrhages are surrounded 
by a zone of necrosis and some scattered polymorpho¬ 
nuclear leukocytes in the parenchyma. In the same 
animal hemorrhagic foci are also seen in the meninges 
and in the granular layer of the cerebellu, where 
they are surrounded by polymorphonuclear leukocytes. 
Bilateral, symmetrical hemorrhages are seen in the 
cerebrum of another animal, sacrificed twenty horns 
after inoculation. Small hemorrhages in the cere¬ 
bellar white matter are seen in a mouse killed at 
the twenty two houn stage. As already mentioned, 
these hemorrhagic foci are often surrounded by 
polymorphonuclear leukocytes. However, they do occur 
at times without any leukocytic reaction. 
Scattered hemorrhages in the central nervous 
STStem have been described in experimental meningitis 
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by Ayer (3). Punctate hemorrhages and ecchymoses 
were seen by Essick (9) in experimental traumatic 
abscess. Further, Wertham (25) reported extravasa¬ 
tions of blood into the parenchyma in infections. 
Several explanations have been offered in the litera¬ 
ture for the genesis of hemorrhages in viral and 
bacterial infections. They have been thought to be 
artifacts due to removal of the brain at autopsy or 
to represent a terminal event of the infection in 
autopsy material. Another explanation, which we 
favor, has to do with the severity of the infection. 
Bodian (6) noted their occurrence in severe cases 
of poliomyelitis. Probably this explanation is also 
true for the present experiment, in which we deal 
with a very fulminant process. We do not know, and 
no explanation was found in the bibliography to 
explain why}some hemorrhages occur symmetrieally 
in the brains of the experimental animals. 
Necrotic foci of different sizes ranging from 
very discreet to very extensive are common in the 
examined animals. They are seen as early as twelve 
hours after inoculation. Often the necrosis is 
associated with bleeding, as in the thalamus and 
in the pons of an experimental animal killed at the 
twelve hour stage. Quite often they are symmetrical, 
as seen, again in an animal sacrificed at twelve 
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hours after the beginning of the experiment, in the 
region of the fourth ventricle. Near the margin of 
the necrotic zones polymorphonuclear leukocytes can 
very frequently be detected. In one animal sacrificed 
twenty eight hours after inoculation a necrotic focus 
is seen in the granular layer of the cerebellum, a 
finding not seen in the other experimental animals. 
Necrosis is very often associated with ventriculitis. 
The following changes are observed around the affected 
ventricular system, from the center to the periphery: 
1) a pale zone of necrosis in the immediate sub¬ 
ependymal tissue; 2) a hemorrhagic zone with poly¬ 
morphonuclear leukocytes; 3) a zone of swollen 
astrocytes and, finally, in the periphery li) a zone 
of microglial proliferation. Some microglia cells 
are also seen in the third zone. The extension of 
the necrotic zone around the ventricular system 
reveals variations in size from animal to animal. 
A similar zo nal arrangement can be ovserved around 
the inoculation track. Here, again, the necrotic 
zone reveals variations from case to case. A special 
susceptibility of phinencephalic centers to necrosis 
cannot be observed in the experimental animals. 
Hurst (13) saw in experiments with viruses in loiter 
mammals a necrosis of the rhinencephalon which was 
absent in higher mammals. He therefore concluded 
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that the necrosis is, "characteristic of a certain 
type of animal host, rather than of the action of a 
particular virus" (13). We cannot find a clear 
predisposition of any area to necrosis in the experi¬ 
mental animals. Generally speaking, in any part of 
the central nervous system necrotic foci can be 
seen with irregular variations in number and extent 
from case to case. 
With the exception of one animal sacrificed 
thirty-two hours after inoculation all mice examined 
reveal infiltrates composed of polymorphonuclear 
leukocytes. Some of these inflammatory lesions 
occurring in the cortex have already been discussed. 
Similar infiltrates are seen constantly around the 
inoculation tract and deep in the brain parenchyma. 
A region of the central nervous system in which 
Infiltrates are seen in almost all animals is the 
cerebellum, especially the molecular layer. The 
majority of these infiltrates are seen in a scattered 
fashion, with or without clear relation to vessels, 
or in the form of more or less dense aggragates. 
Perivascular infiltrates composed of polymorphonuclear 
leukocytes are seen in animals sacrificed twelve 
hours after inoculation. However, many experimental 
animals shown no perivascular infiltrates. Most 
perivascular infiltrates are related to the abscesses, 
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to the diffuse infiltrates seen in the meninges and 
deep in the parenchyma, or to the region of inocu¬ 
lation, or to the ventriculitis. In one animal 
sacrificed twenty hours after the beginning of the 
experiment infiltrates are seen bilaterally and 
symmetrically and seem to follow fiber tracts. That 
pre-existing structures of the brain, such as myelin 
fibers, may have a formative influence upon such 
phenomena as demyelinization or the spread of 
hemorrhage, has recently been emphasized (7,18); 
while Essick (9) found a tendency of the infection 
in experimental traumatic abscess to follow fiber 
tracts. 
While no evidence for a topical predisposition 
to necrosis is found in these animals, our findings 
coincide with those of Ayer (3), who reported that 
polymorphonuclear leukocytic infiltrates were a 
constant finding in the molecular layer of the 
cerebellum. Similarly, there seems to be a tendency 
for the dorsal half of the cord to be markedly more 
affected then the ventral half, a finding that 
corresponds with the report of Stewart (23)» 
The relation of polymorphonuclear leukocytes 
to hemorrhage and necrosis has been discussed above. 
The necrotic foci and the hemorrhages are 
probably due in large part to the virulence of the 
inoculant. A contributory factor may be the severe 
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edema and resultant increase of intracranial pressure. 
It is known that severe edema may cause necrosis of 
the sensitive myelin structures (15). It is also 
known that increased intracranial pressure may produce 
f 
hemorrhages, and foci of necrosis the brain tissue 
is pale and loculated. Within such foci, which are 
interpreted as edema, the cellular elements reveal 
regressive changes. The number of nerve cells is 
markedly reduced; and some still-existing neurons are 
in the process of lysis. The oligodendroglia cells 
are markedly reduced in number; and some which are 
still present reveal all stages of lysis and rhexis. 
In such necrotic zones the astrocytes reveal varying 
degrees of sx-jelling and marked pallor of their nuclei. 
In the astrocytic nuclei the chromatin material is 
greatly reduced and often only a few chromatin 
particles can be seen in the periphery of the nuclei, 
next to the nuclear membrane. 
Similarly changed astrocytes are seen In animals 
sacrificed as soon as twelve hours after inoculation 
in relation to meningitis, often in the presence of 
an intact limiting membrane. In addition,1 these 
pale, swollen astrocytes are seen in the periphery 
of hemorrhagic and necrotic foci and in association 
with cortical leukocytic infiltrates. In some areas, 
for instance, adjacent to severe ventriculitis the 
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astrocytes are very pale, their nuclei containing 
almost no chromatin particles, and. are obviously in 
a state of disintegration. Similar changes are seen 
in many astrocytes in the molecular layer of the 
cerebellum. These astrocytic changes are seen in 
all experimental animals examined. Astrocytic pallor 
is more consistent than nuclear swelling. With the 
exception of an animal sacrificed twenty-six hours 
after inoculation, no increase in the number of astro¬ 
cytes can be observed with certainty. In this animal 
the astrocytes are increased in number- beneath areas 
of cerebellar meningitis. 
In some areas beneath meningitis the astrocytes 
show changes ranging from pallor with relatively 
well preserved processes to minimal or absent swelling 
with decreased, absent, or short, clumped processes. 
Astrocytes show thick, fragmented, fextf or no processes 
next to abscesses and infiltrates. In alternate 
bematoxylin-eosin sections the same cells reveal 
pallor and swelling. Similar changes of astrocytes 
are seen in some ependymal regions revealing necrosis. 
In general, where there are polymorphonuclear leuko¬ 
cytes the astrocytes reveal very marked degrees of 
change in their processes. The staining of processes 
improves with distance from the foci described 
previously. In the vicinity of abscesses many 
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astrocytes reveal fragmentation of processes and a 
moth-eaten appearance of the cell body, or, if the 
cells are relatively well preserved, swelling of the 
cell body with irregular processes. 
With the silver techniques one can obtain con¬ 
siderably more information about astrocyte.’changes 
than with hematoxylin-eosin stain. All astrocytic 
changes, whether they reveal fewer or irregular 
processes, fragmentation or absence of processes, 
anpear alike in hematoxylin-eosin; i.e., they reveal 
swelling and pallor. 
Swelling and pallor of astrocytes are well known 
changes taken by many pathologists as criteria of 
edema. Very often these morphological changes are 
the only manifestations of edema since edema fluid, 
especially when low in protein, is not demonstrable 
with our usual histological techniques. Scholz (21) 
interpreted the presence of swollen astrocytes 
beneath meningeal infiltrates as indicative of edema. 
This interpretation has seemed reasonable because 
pale, swollen astrocytes are seen in such conditions 
as the neighborhood of tumors (11, 12, ll|_, 19, 20), 
around hemorrhage (1, 2, 15>, 22), in trauma (2lp, 26, 
27, 28), in arteriosclerosis, in infections, etc., 
in all of which edema is a prominent morphological 
feature. 
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The question arises, of course, as to whether 
this opinion is correct. It may very well be that 
the cellular swelling represents an alteration due 
to toxic or abnormal metabolic products and has little 
or nothing to do with edema fluid. 
Collias and Manuelidis (7) described astrocytic 
changes consisting of pallor1and swelling around 
puncture wounds of the brain; yet the pale, swollen 
astrocytes described by these authors appeared 
entirely different in silver preparations from the 
astrocytes described in our animals. In their work, 
astrocytes maintained more processes, which were 
thicker, better preserved, and more fully stained 
with silver carbonate. In the mice inoculated with 
hemolytic streptococci in this experiment, processes 
are fragmented; yet in hematoxylin-eosin preparations 
the cell bodies resemble those of the previous 
experiment. The question arises as to whether we 
are dealing with a process different from edema or 
whether some pathogenic factor in addition to edema 
is acting on astrocytes In such a way as to cause 
fragmentation and disintegration of the cells. 
Experience from human pathology indicates that 
inflammatory processes of the central nervous system, 
regardless of the nature of the infectious agent, 
cause an increase in brain volume. Such brains weigh 
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more and feel softer than normal brains. Returning 
to our experiment, there is abundant evidence that 
components with a larger particle size than protein, 
such as red cells and lymphocytes, can escape from 
the blood stream and infiltrate the brain tissue. 
It is therefore reasonable to assume that there is a 
permeability disturbance for fluid and molecules such 
as protein, of considerably less size than blood cells. 
In other words, the morphological changes observed 
in astrocytes do not at all exclude the presence of 
edema. Furthermore, in our experimental material, 
in addition to morphological evidence of edema, there 
are other signs indicating permeability disturbances 
of the vessels, hence suggesting a likelihood of 
edema. These are the loculation and pallor seen, 
for instance, around hemorrhages and in the vicinity 
of ventriculitis. 
However, the fact that in such conditions as the 
traumatic bleeding, arteriosclerosis, and vicinity 
of tumors previously mentioned there are astrocytes 
with well preserved processes, while in the present 
experiment there is a strong tendency toward process 
fragmentation and destruction, suggests that factors 
other than edema are operating. The most obvious 
possible other factor is a toxic one, which seems to 
cause first a reaction of astrocytes and then their 
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‘lisxfd- narii bne lo noid-OBa«i b ianil 
9 r/Bo 
disintegration. The fact that astrocytes in the 
immediate neighborhood of infiltrates, abscesses, etc., 
reveal marked changes as compared with those more 
removed from the lesion without regard to the regional 
vasculature also speaks in favor of our interpreta¬ 
tion. 
In the literature there is a paucity of informa¬ 
tion concerning astrocytic changes in experimental 
infections. In the viral encephalitides pallor and 
swelling of astrocytes have been seen and have been 
interpreted as manifestations of accompanying edema (18). 
A similar interpretation has been given to changed 
astrocytes in bacterial diseases (22). However, in 
these papers the astrocytes were described only with 
hematoxylin-eosin, Nissl, and hematoxylin-van G-iesson 
stains, and not with the silver technique of Hortega. 
The most acute change of astrocytes is fragmen¬ 
tation of processes with little or no swelling (8). 
Regressive changes have been escribed in astrocytes 
as clasmatodendrosis of processes with pyknosis and 
lysis of nuclei, followed by loss of processes, 
rounding of the cell body, and accumulation of fat 
in the cytoplasm. 
All these changes are seen in our experimental 
animals, x^ith the exception of fat, because no 
snecific stain was undertaken. 
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In experimental brain wounds changes ranging from 
swelling to complete necrosis with fragmentation of 
processes, etc., have been described (if, 9). The 
closer the astrocytes i^ere to the zone of bleeding 
and infiltrate next to the wound, the more marked 
were the regressive changes (ibid). Qualitatively 
similar observations hold for animals of the present 
experiment. The astrocytic hypertrophy seen In 
experimental wounds cannot be detected In our animals 
inoculated with hemolytic streptococci. Neither 
are amitotic and mitotic division generally seen in 
the experimental animals. There are some rare 
exceptions in which, near hemorrhages, amitotic 
divisions of astrocytes are seen; and in one instance 
astrocytes of the cerebellar molecular layer appear 
increased in number, though without signs of mitotic 
or amitotic division. 
In animals sacrificed twelve hours after Inocu¬ 
lation some twisted microglia are seen below areas of 
meningitis and throughout the forebrain, while some 
rectangular forms are seen in the molecular layer of 
the cerebellum. Furthermore, a mild microglial pro¬ 
liferation Is seen in all those zones in which 
astrocytes are changed, extending beyond the zone of 
astrocytic reaction. Mony reactive microglia are 
seen in the vicinity of the inoculation tract. In 
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9<tJ ' 9vxdoe01 vn.M .noidosei oxdvooidaB 
.doaid noxdBlCTooni erfd l0 Ydinioiv arid ni naas 
only one instance is a module of proliferated microglia 
seen, this in the cerebral cortex of an animal dying 
twenty hours after inoculation. In general, there is 
a strong proliferation of microglia surrounding 
abscesses; but the most consistent and heaviest pro¬ 
liferation is seen in the cerebellar molecular layer. 
The microglial changes occurring in a variety 
of viral enceohalitides have recently been reviewed 
(16). The microglia cells in viral diseases reveal 
a great increase in number, as opnosed to the present 
experiment, in which the microglial cells show a 
relatively limited proliferation and alteration more 
in the form of changes in size and shape. However, 
it should be emphasized that in the oresent experiment 
reactive microglia appear as soon as in an experiment 
undertaken with poliomyelitis and West Nile virus 
infections, i,e, twelve hours after inoculation (17). 
noninflammatory experimental conditions microglial 
proliferation has been described in brain wounds twenty 
to twenty-four hours after injury (1|., 7). In a case 
of purulent meningitis diffuse proliferation of 
microglia has been described in the molecular layer 
of the cerebellum early in the course (25>), while in 
an experiment involving the injection of staohylococci 
proliferation of microglia has been detected within 
twelve hours (5>). 
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There are several possible explanations for the 
lesser degree of microglial proliferation seen in 
this experiment as compared with other material, 
especially the viral encephalitides. Among these is 
the fact that the present infection may be character¬ 
ized as super acute, as animals usually died well 
before twenty-four hours; hence it is likely that 
there was insufficient time for the full expression 
of a proliferative tendency by the microglia. 
Another possibility relates more directly to the great 
virulence of the inoculant, which may have had a sup¬ 
pressive effect on the microglia. 
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SUMMARY 
White mice were injected intracerebrally with 
cultures of alph-hemolytic streptococci. Most 
animals died within twenty-four hours. 
The material presented is a histopathological 
study of nervous tissue removed after sacrifice of 
animals which appeared to be in the terminal stages 
of infection at timed intervals following injection. 
Purulent meningo-encephalitis is a constant 
finding; and its character, distribution, and relation 
to other lesions are discussed and described. Less 
constant but frequent findings include ventriculitis 
and periventricular necrosis, cortical and peri¬ 
vascular infiltrates, necrotic foci, abscesses, and 
hemorrhages; and these are similarly described and 
discussed. 
The significance of astrocytic swelling and 
pallor are discussed in the light of experimental 
findings, as is a relatively mild but constant 
proliferative tendency of microglia. 
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Fig. 1 Periventricular necrosis H&E. X100 
Fig. 2. Swollen astrocytic cell bodies near peri¬ 
ventricular necrosis. H&E. X440. 
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Loculation in zone of periventricular 
necrosis. H & E. X400. 
Foorly preserved astrocytes beneath 
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Fig. 5 Astrocytic swelling and pallor beneath 
intense meningitis. H & E. X400. 
Fig. 6. Loss of astrocytic processes near inflammation 





Fig. 7 Isolated microglial proliferation in 
molecular layer of cerebellum. Microglia 
stain. X300. 








Fig. 9 Loss of astrocytic processes adjacent 
to intense ventriculitis. Astrocyte 
stain. X440, 
rig. 10. Relatively well preserved astrocytes 









Damaged astrocytes beneath damaged 
ependyma. 
Astrocyte 
Same section as Fig. 10. 
stain. 
Most marked degree of astrocytic cnanges 
beneath meningitis. Astrocyte stain. 
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Fig. 13. Fairly well preserved astrocytes at 
margin of necrotic zone surrounding 
abscess. Astrocyte stain. X400. 
Fig. 14. Astrocytic process fragmentation ana 
cell body vacuolization immediately 
subjacent to meningeal infiltrate. 





rig. 15. Microglial proliferation near abscess. 
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